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Au-Pd 纳米异质结构的生长机理进行了探讨。我们提出，通过比较 Au 电极和 Pd
电极在生长溶液中的开路电位，可以确定 Au 和 Pd 在生长溶液中费米能级的相
对位置；通过 Pd-Au 异质结建立时自由电子的流向，进而判断出 Pd-Au 异质结
构的生长模式。基于此原理，通过改变还原剂浓度等手段，对 Au 和 Pd 金属在





















位始终高于 Pd 电极、Ag 电极和 Pt 电极的开路电位。也就是说，在生长溶液中
Au 的费米能级始终低于 Ag、Pd 和 Pt，因此当 Ag、Pd 和 Pt 分别沉积在 Au 晶






定范围内调节前驱物中 Co 和 Fe 的加入量，不仅可以维持了超细纳米线的形貌， 
而且可以实现对 Pt-Co、Pt-Fe 纳米线合金比例的调控。在此基础上，我们分别研
究了不同比例的 Pt-Co、Pt-Fe 合金纳米线对甲酸和甲醇这两种有机小分子电催化
氧化的催化活性和抗毒化性。实验证明，当纳米线中含有 Co 或 Fe 时，合金纳




















Noble metal (Au, Ag, Pd, Pt, etc) nanocrystals have been widely explored due to 
their unique properties and applications in many fields such as catalysis, biomedicine, 
etc. Significant progress has been made recently in the shape controlled syntheses of 
noble metal nanocrystals. Noticeably, with the development in synthetic techniques 
and methods, noble metal nanomaterials with single component no longer meet the 
need of multifunctional materials. Synthesizing heterogeneous nanostructures of 
noble metal is an efficient way to solve this problem. Therefore, reasonably 
controlling the morphology and interface structure of noble metal heterostructures at 
nanoscale level has become a research focus nowadays. Especially, an in-depth 
understanding of the formation mechanism of noble metal heterostructures is of a 
great significance, which guides us how to effectively fabricate the multifunctional 
noble metal nanomaterials we want.  
In this thesis, we strived to study the formation mechanism of bimetallic 
heterostructures, taking Pd-Au heterogeneous nanostructures, Au@Pd (Ag, Pt) 
core-shell structures, and ultrathin Pt-Co, Fe nanowires as examples. The thesis 
consists of four parts as follows: 
Chapter I. Briefly review recent progress in the controlled syntheses of noble 
metal nanomaterials and noble metal hetero-nanostructures, and clarify the aims of 
my research and their significance. 
Chapter II. We proposed new insight into the formation mechanism of bimetallic 
heterostructures synthesized via a seeded growth process, using Pd-Au 
heterostructures as examples. By measuring open-circuit voltages (OCV) of Pd 
electrode and Au electrode in given growth solutions, we learned the Fermi Levels of 
Au and Pd in the growth, and then proposed the criteria determining the growth mode 
of Au on Pd seeds. And on this basis, we achieved controlling the evolution between 
the anisotropic growth and the isotropic growth by tuning the reductant in growth 















be help for rationally fabricating noble metal nanostructures with more complex 
heterostructures.  
Chapter III. On the basis of our proposed criteria determining the formation 
mode of bimetallic heterostructures, we further investigated the formation of Au@Pd 
(Ag, Pt) core-shell structures prepared via a Au-seeded growth process. Through 
measuring OCVs of these metal electrode in the given growth solutions, we found that 
Au was capable of gathering electrons, due to the fact that Fermi level of Au are lower 
than those of all other components (Pd, Ag, Pt). This means that once the Au-Pd (Ag, 
Pt) hetero-junction was built, Pd, Ag, and Pt preferred to grow on the Au seeds, 
forming a core@shell structures. These results powerfully reinforced the theory 
proposed in Chapter II. 
Chapter IV. By a series of ultrathin Pt-Co and Pt-Fe alloy nanowires with 
different Pt-Co/Fe contents have been successfully synthesized. We found that 
appropriately tuning the ratio of precursors, the compositions of ultrathin Pt-Co and 
Pt-Fe alloy nanowires were successfully tuned in a certain range. The tests of 
electro-catalytic oxidation of methanoic acid and methyl alcohol demonstrated that 
with the existence of Co or Fe, the anti-poisoning ability of alloy nanowires are 
significantly improved, compared to pure Pt nanowires. 
 
Keywords: Noble metals, Heterogeneous nanostructure; Fermi Level; Open-circuit 


































其熔点会显著降低，当颗粒的粒径小于 10 nm 时这种变化尤为显著。例如，块体
的 Au 的熔点为 1064 °C，当颗粒的尺寸减小到 10 nm 时，其熔点降低到 1037 °C，
降低了 27 °C。（c）磁学性质，具有小尺寸的颗粒的磁性与大块材料的磁性显著
不同，大块的纯铁矫顽力约为 80 A/m，而当颗粒尺寸减小到 20 nm 以下时，其

































域迅速扩大，其中应用最广泛的是 Au、Ag、Pd 和 Pt 这四种贵金属，人们不仅
用它们来制作各种精美的饰品，还将它们的纳米材料应用于光学、电子学、生物
医学、信息存储、催化和自组装等领域。因此，本章主要以 Au、Ag、Pd 和 Pt
这四种贵金属作为代表来综述贵金属纳米材料的可控合成及其对物理化学性质
的影响。   
 
 
Fig.1.1 Schematic diagram showing the physical or chemical parmerters that 
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